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ABSTRACT 
Investigations were performed to clarify further the 
fundamental interrelationships between adrenocortiocotrophic 
hormones fram the pituitary.and from the placenta, and adrenal 
cortical hormones, with specific reference to hyaluronidase-
hyaluronic acid metabolism. 
A refinement of assay procedures in hyaluronidase studies 
in the experimental mouse and rat, has been made to obtain uni-
formly reproducible data and to facilitate a more meaningful in-
terpretation of results. Animal studies have necessitated the 
experimental establishment and maintenance of rat and mouse 
colonies. The minimization of ma~y biological variables has 
resulted. In the course of the maintenance and care of hypophy-
sectomized and adrenalectomized rats, the effects of long-term 
hypophysectomy and adrenalectomy have been observed. It is note- · 
worthy that exceptional survival and good health have been in 
evidence in the absence of substitution hormonal therapy. 
The adverse influence of elevated environmental tempera-
ture and humidity on endocrine studies is con.firmed. The use of 
placental and pituitary AOTHpreparations to e.ffect comparable 
adrenal stimulation in the hypophysectomized rat is further 
noted. The need .for .further studies on the role of the. various 
adrenal cortical steroids· (C-11 oxygenated steroids) in the 
adrenaihyaluronidase relationship is noted. 
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INTRODUCTION 
The secrets of' nature are hidden: although she acts forever, 
we do not always discover her e:f:t:ects. Time reveals them 
rrom age to age, and although she is always equal within her-
self, she is not always equally well known. The experiments 
which give us our knowledge of her multiply continually, 
and • • • the consequences multiply in proportion. 
· · · •••••••• Pascal 
STATEMENT OF PROBLEM 
The adrenal-hyaluronidase relationship has been :round to 
be of pr~e importance in the maintenance o:t: a healthy physio-
logical state in the ground substance o:t: connective tissue. No· 
true understanding o:t: the mechanism o:t: infection can be gained 
without a study o:f the basic area in which infections occur and 
spread. It has been established that many bacteria spread :from 
a localized focus throughout tissues. This spread is known to 
be enhanced by the presence of spreading fac~ors or hyaluroni~ 
dases. 
Inasmuch as it would now appear that altered hyaluronic 
acid metabolism is directly ~plicated in the pathology o:t: tumor 
and collagen disease processes and· in that hyaluronic acid is 
depolymerized and hydrolyzed by hyaluronidases, it would :follow 
that such agents acting to inhibit hyaluronidases, or serving 
to maintain normal metabolic balance in endocrine deficient ani-
mala, would be o:t: fundamental investigative significance. Early 
investigations suggested that adrenal cortical hormones and 
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hyaluronidases played isolated roles, however little or no studies 
had been done on the possible interrelationships of these factors 
until the work o~ Opsahl (41•47). It has been shown that further 
study of the relationships of the adrenal corticoids and the 
permeability of the ground substance of connective tissue is 
necessary. Studies were proposed to investigate certain aspects 
of these problems. The results of some of these studies incorp-
orated in this dissertation center on broadening the basic under• 
standing and interrelationships between adrenocorticotrophic 
hormones (from the pituitary and the placenta) and the various 
hormones o:f the adrenal cortex, with specific re.ference to 
hyaluronidase-hyaluronic acid metabolism in the experimental 
mouse and rat. It was hoped that such studies would lead to a 
fuller understanding not only of the general problem of infection 
and resistance but also to the basic modes o:f action o:f the vari-
ous adrenal cortical secretions. 
As these studies progressed, many problems of a basic 
nature became apparent and it was deemed expedient to investigate 
them more fully. Conse~ently, these important though seemingly 
incidental aspects o:f the problems, :form the bulk o:f the work 
herein reported. 
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LITERATURE REVIEW 
A complete literature review of the subjects of hyaluron-
idases and of the adrenal cortex will not be presented. Germane 
to the present studies, the relevant points to be considered here 
are: (i) what effect or effects the known hormones have on hyal-
uronidase action, and (ii), as far as is known, which hormones are 
operative in these respects. Little is to be gained by recounting 
the numerous fragmentary studies and the controversial reports 
that have issued from. them.. The fact is that the present studies 
still enter upon a field which has not been measurably explored, 
and yet it is one which offers great potentialities along many 
lines. It is not to be hoped that it will oe possible, within 
the scope of' this dissertation to delve into all the ramifica-
tions of the problem which suggested themselves. For exrumple, it 
is still not possible to ascertain conclusively just which com-
pound or compounds o:f the ad:t>enal cortex compiex, whether, in 
themselves, or as st~ulated by various of the adrenocorticotro-
phic preparations, are responsible for the effect on the hyaluron-
idase-enhanced spreading of various particulate substances. Sim-
ple as it is to ascribe this property to certain of the compon-
ents of the adrenal cortex, it is not s~ple to exclude this 
property from all others, since the various adrenal cortical 
hormones as presently available, are still so complex and so 
poorly understood with reference to assay procedures and physio-
logical action. Thus, the following review will cover in gen-
eral the development in those fields directly associated with 
.~~~~~~~~~~~~ 
the investigations herein undertaken. 
There has been much conrusion, and controversy in the 
terminology concerning hyaluronidases. In 1928, Dur~-Reynals 
(14) discovered and isolated a "spreading factorn produced by 
certain strains of ~acteria. He observed the enhancement of 
the spreading phenomena by a testicular extract (14). Meyer 
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(38) noted that certain strains of bacteria produced an enzyme 
that depolymerized hyaluronic acid. This, he called hyaluroni-
dase. He also observed that the spreading effect of the testic-
ular extract decreased the viscosity of synovial fluid. In l939, 
Lurie and Zappasodi (32) tentatively identified the spreading 
factors ·with the muco1ytic enzymes (hyaluronidases). This sug-
gestion of the relationship between a bacteria-produced sub-
stance and the ~eduction of the viscosity of intercellular sub-
stance by the invasive bacteria led to the tnference that herein 
mdght be an important avenue of investigation concerning the 
mechanism of spread of infection. 
Duran-Reynals (12) reported that most substances reach-
ing cells must pass through the ground substance. He indicated 
that many factors pr~arily influence the normal physiological 
state of ground substance and secondarily the permeability of 
connective tissue. The spreading factors were some of the most 
effective agents in ino~easing the permeability of connective 
tissue. Fluctuations in the permeability of connective tissue 
were noted to parallel the fluctuations in observed degrees of 
infection. Other studies have also indicated that the ground 
j 
- -------
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substance contained many mucopolysaccharides that were hydrolyzed 
by testicular and other hyaluronidases. Meyer, in his book 
nconnective Tissue in Health and Diseasett (40), made similar 
observations from his investigations. Jackson (28) also pointed 
out that acid mucopolysaccharides have been attributed with the 
stabilization of collagen. Thus, it became apparent that factors 
involved in the composition and maintenance of the normal physio-
logical state of ground substance were of paramount investigative 
importance. 
Much investigation has rollowed up to the present day 
concerning the primary sites involved in the processes of infec• 
tion and the ground substance of the mesenchyme ~2,9,121 13,17, 
19,20 1 29,31).. The morphology and physiology of connective tissue 
in general has been widely investigated. Connective tissue is 
known to consist of two fundamental units (a) fibers and (b) 
interfibrillar and cement substances. Each of these has a dis-
tinct and complex chemical structure. The cement substances 
have been found to be composed of compounds or complexes of pro-
tein with highly polymerized mucopolysaccharide acids. Of these 
mucopolysaccharides, four have been identified with certainty: 
hyaluronic acid, hyalurono-sulruric acid, chondroitin sulfuric 
acid, and the sulfuric acid ester occuring in amyloid tissue. 
Meyer reviewed the biological and chemical significance of 
hyaluronic acid (39). In a review by Duran-Reynals (15), the 
physiological role of the acid mucopolysaccharides was postu-
lated to be the regulator of the capillary permeability in 
• 
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ground substance. 
At any early state, it was established by Chain and 
Duthie that the phenomenon of' spreading is the result of' enzy-
matic action on the hyaluronic acid o:f connective tissue (7,8}. 
Duran-Reynals established that these spreading :factors magni-
fied the manifestations o:f infectious agents (15). 
Investigations subsequently have centered upon studying 
f'actors antag~ic to the ef'f'ect of' the ttspreading .factor" on 
the permeability o.f connective tissue. These studies have 
sought to develop a method of' therapy by which resistance to 
infection might be enhanced. The power of' the spread o:f in.fec-
tion is largely dependent upon the production or presence of' 
hyaluronidases which depolymerize hyaluronic acid. When the 
natural barrier is broken down, spreading and invasiveness re-
sults. Much work has been done in this area concerning struc-
tural chances in connective tissue due to the action of' endogen-
ous and exogenous hyaluronidase (17,19,20) • .Among the :facto:r::.as 
significant in the resistance to infection are humoral agents. 
These have been studied extensively especially with ref'erence 
to their ef'f'ects on connective tissue (1,2,26,51,53,58,59,60}. 
Hormones were postulated to be one of' the many .factors condi-
tioning the permeability o.f the ground substance of' the mesen-
chyme (15). In early studies, Weinstein observed that para-
thyroid hormone and extracts of' the anterior pituitary had a 
highly protective e.ff'ect against inf'ections (59). Sprunt_, ~ 
-al. (53,54) showed that estrone suppressed the spreading of' 
7 
particulate matter in the skin. Investigations by Lurie (32) 
suggested the reduction of India-Ink spreading by alpha-estradiol 
benzoate. It was contended that progesterone increased tissue 
permeability. According to Menkin (36), adrenal cortical ex-
tracts were active in the inhibition of the enhancing effect of 
leukotaxine on capillary per.meability. By inference, he sug-
gested that these results could be duplicated with the use of 
adrenal cortical extr~cts on the spreading properties of a tes-
ticular extract. 
Another viewpoint appeared in the review of the litera-
ture, by Tepper.man, et ~., on the relationship of the adrenal 
to infection (58). The authors suggested that infection did not 
lead to adrenal hypertrophy but that the ~ypertrophy noted was 
the result of some metabolis change as a result of infection. 
There was little agreement in the literat~e on the basic rela-· 
tionship, if any, between the adrenals and infection. In the 
Ghambers-Zweifach review {9), there could be found only indirect 
evidence for the counteracting effect of the adrenal cortex on 
the increase in capillary per.meability resulting from noxious 
agents. Most of the findings were inferential and did not ex-
plain the actual site of action or the mechanisms involved 
(10,18,23,27,57). The need for a study of the possible inter-
relationships between the adrenal cortex, hyaluronidases, and 
hyaluronic acid metabolism as a fundamental basis f'or research 
in infection and resistance to infection, prompted the investiga-
tions of Opsahl (41,42,43,44}. Over a period of several year~, 
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these investigations were concerned with the following-problems: 
(a) The activity of the adrenal cortical hormones in 
conditioning the permeability of ground substances. 
(b) Which of the adrenocortical hormones were responsi-
ble for the actions observed. 
(c) The mode and basic mechanisms of action involved. 
In certain phases of these investigations, studies were 
carried out on the dermal spread of India Ink with and without 
hyaluronidases. Results indicated that adrenal cortical ex-
tracts and lipo-adrenal extracts exhibited a significant inhibi-
tion of the spreading of India Ink with and without exogenously 
~dded hyaluronidases. Adrenalectomy was found to enhance the 
spreading phenomenon. Thereupon, the role of the adrenal cortex 
in the maintenance of the normal physiological state of the 
/ 
ground substance of connective tissue was established when 
active adrenocortical extracts entirely counteracted the enhanced 
.J-. spreading induced by adrenalectomy. Cortisone and hydrocorti-
sone, either following systemic or local administration, caused 
a marked inhibition of spreading of exogenously added hyaluroni-
dase. Many later studies have substantiated this anti-hyalurono-
dase e . ff'ect of cortisone, hydrocortisone, and ACTH (niediated 
through the adrenal) (47,50,51,53). Compounds A ~dB exhibited 
a markedly lessened inhibitory effect. Desoxycorticosterone, 
toxic agents, non-specific stress, and epinephrine were totally 
ineffective. The fact that testosterone, progesterone, pregnen-
alone, and estradiol benzoate, were also ineffective in inhibiting 
O hyaluronidase induced spreading, contradicted previous results 
·with sex hormones reported in earlier studies by others. 
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The investigations of Opsahl served to correlate the 
inhibitory activity of the hyaluronidase induced spreading 
phenomenon with the chemical structure of' the adrenal cortical 
steroids. The ef'f'ective steroids were the C-11 oxysteroids, and 
the in .. :Vivo results were substantiated by numerous in vitro 
studies. Investigations by Winter and Flataker using T-1824 as 
an indicator substantiated previous findings that cortisone and 
other steroids inhibited the hyaluronidase spreading action (60). 
In subsequent series of investigations by Opsahl (45 1 46, 
47), maximal inhibitory effects in the spreading phenomenon were 
produced by the systemic administration of' pituitary and pla-
cental ACTH. The fact that ACTH was ineff'ective in adrenalecto-
mized mice, or following local administration, suggested that 
ACTH did not act directly, but acted through the stimulation of 
the adrenal cortex. In a deeper perspective, these studies 
established that the physiological stimulation of the adrenal 
results in a mixture of' hormones (possibly c-11 oxysteroids) or 
hormones not yet studied that were much more ef'f'ective than any 
individual chemical agent thus far tested. Studies on synergis-
tic combinations of adrenal steroids have been inconclusive. 
Further investigations should serve to elucidate and broaden the 
basic understanding of the role of the adrenal cortex, the pitu-
itary, and other endocrine glands in the normal physiological 
defense mechanisms. Current studies of Opsahl (unpublished 
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data) are concerned with the effect of stress, infection and 
resistance, nutritional deficiency states, and various metabolic 
conditions in an attempt to clarify further the pituitary-adrenal, 
and hyaluronidase-hyaluronic acid interrelationships. 
Related studies on the role of environmental temperature 
and humidity in these several and other series of related inves-
tigations were in part reported (42 and unpublished data) .• 
These findings suggest that increased environmental temperature 
and humidity which play an important role in adrenal stimulation 
cause a decrease in the permeability of the ground substance. 
In other phases of earlier investigations of Opsahl, 
adrenocorticotrophic hormone (Armour-LA-IA) was demonstrated to 
be a potent inhibitor of the hyaluronidase-enhanced spreading 
phenomenon through the release of the effective adrenal c-11 
oxysteroids in the intact rabbit, guinea pig, and mouse (44,46, 
49). In view of the.favorable influence of pregnancy on certain 
of the collagen diseases, it was of interest to determine 
whether chorionic gonadotrophin preparations from human preg-
nancy urine exhibited marked hyaluronidase-inhibitory activity. 
However, in the course of these studies, it pecrume apparent 
that the inhibition produced by chorionic gonadotrophins was 
due, not to the gonad-st~ulating principle, but to a protein 
fraction which exhibited many of the properties previously 
associated with ACTH from pituitary tissue. Several s~ilari­
ties in the biologic activity of pituitary ACTH, chorionic 
gonadotrophins, and chorionic gonadotrophin preparations which 
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had been heat-inactivated to destroy gonadotrophic activity, 
have been demonstrated: chorionic gonadotrophin and heat-inac-
tivated chorionic gonadotrophin preparations cause a marked inhi-
bition of hyaluronidase spreading in normal:~ castrate, and hypo-
physectomized mice of both sexes in the presence of the adrenals~ 
These substances were entirely without effect in adrenalectom-
ized animals {46,49, unpublished data-Opsahl). This effect is 
qualitatively identical with that found following the adminis-
tration of pituitary ACTH. Numerous control studies ruled out 
the possibility that this effect might be due to non-specificity 
or to mediation of action through the gonads, or that the source 
of the ACTH activity:was from the pituitary rather than from the 
placenta. They have also suggested the possibility that the 
human placenta may be a rich source of ACTH available for clini-
cal use. 
Opsahl's preliminary investigations of placental ex-
tracts indicated that significant quantities of AGTH are produced 
by the human placenta, although the crude methods of isolation 
employed did not permit quantitative interpretations of yields 
or of purity (46,49, unpublished data). Identification of the 
type of activity in the various fractions of placental extracts 
was based largely on previous-investigations involving the 
adrenal steroid hyaluronidase relationships. The possibility 
that the observed activity might be due, in some way, to the 
presence of steroids of the nature of cortisone was ruled out 
by the fact that enzyme inhibition was not observed in 
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adrenalectomized or hypophysectomized-adrenalectomized animals 
and also by the fact that placental extracts were without effect 
when administered intradermally at the site of hyaluronidase 
injection (47). Also, they were inactive in ih vitro investiga-
_,__ 
tiona (47). Factors of non-specificity were excluded by the 
lack of effectiveness of control substances such as serum. 
albumin, beef muscle, liver and muscle tissue extracts. Further 
supporting this conclusion were the results of numerous studies 
illustrating that toxic doses of colchicine, spermine, formalde-
hyde, and certain bacterial agents elicited little or no effect 
in producing an anti-hyalUronidase effect in normal or adren-
alectomized animals (unpublished data of Opsahl}. From these 
results, it has been implied that non-specific uadrenal stressn 
is discounted as a source of the hyaluronidase-inhibitory 
effects. The possibility that the non-specific test substances 
might cause a release of endogenous epinephrine resulting in 
the observed anti-hyaluronidase effects, led to further studies 
by Opsahl. EPinephrine was given ~ doses up to 0.02 mg. per 
mouse, intraperitoneally, subcutaneously, intramuscularly, and 
locally. These injections were given simultaneously and at 
varying time intervals prior to hyaluronidase testing. When 
administered locally or systemically, epinephrine caused a com-
plete lack of hyaluronidase inhibition'unless exceedingly large, 
non-physiological doses (0.05 mg. per mouse) were given. 
Although the question of species variability is a factor, the 
dosages used should have been effective had epinephrine stimula-
tion been a ~actor involved. Opsahl believes that the 
hyaluronidase~inhibitory effect o~ the large doses o~ epine-
phrine was the result of a direct pharmacologic e~~ect. 
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The markedly similar hyaluronidase-inhibitory e~~ects 
produced by the various placental ~ractions and by heat-inacti-
vated human chorionic gonadotrophin preparations were entirely 
comparable to those e~~ects produced by standard commercial 
ACTH pituitary preparations (Armour LA-IA) in nor.mal, castrated, 
and hypophysectomized mice. The placental ~ractions were inac-
tive in adrenalectomized and adrenalectomized-hypophysectomized 
animals. Inasmuch as the above cited investigations showed 
that the presence or absence o~ the gonads exerted no in~luence 
on the spreading reaction and that epinephrine was not a medi-
ator of this action, it was concluded that these ef~ects were 
trophic ~or the adrenals, generally, and ~or the adrenal cortex, 
specifically. Therefore, it seemed appropriate to speak o~ 
placental ACTH as a substance which stimulates the adrenal to 
produce a factor or factors which inhibit hyaluronidase. How-
ever, this assertion does not preclude that placental ACTH has 
the same physiological effects and actions as pituita~y ACT.H 
preparations. 
_r:· 
Subsequent studies by Opsahl and Long concerning the 
extraction and isolation o~ ACTH from human placental tissues 
employed a modification of the Lyon's procedure for thecextrac-
tion of mammotrophic hormone from pituitary tissue (48). 
Because of the high content of fluid and o~ blood present in the 
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placental tissue, and because of the likelihood that the major 
portion containing ACTH activity might remain in the first 
acetone residue normally discarded during the process of obtain-
ing the active fraction (Fraction I), further extraction of the 
residue was made and labelled Fraction II. Larger quanti ties of 
Fraction II have been obtained and consistently have exhibited a 
greater degree of' adrenotrophic activity than Fraction I. 
In other phases of' these studies by Opsahl and Long (48), 
a partial purification of' the ACTH active principle was attempted 
. , . ' 
following procedures outlined by Astwood and including: (a) 
glacial acetic acid extraction of acetone dried placental powders, 
and (b) oxycellulose purification of acidified acetone powders. 
Using the glacial acetic acid method on acetone-dried placental 
powders, the final yields obtained were similar to those reported 
by Astwood from pituitary tissues. However, hyaluronidase~inhi­
bition studies on the discarded fractions showed an equal degree 
of' inhibitory activity as did the more purified powders and were 
\ 
essentially comparable in hyaluronidase-inhibitory activity as 
that fraction produced only by the acidified-acetone extraction 
procedure. Studies in which oxycellulose was employed in the 
final steps of the extraction procedures, yielded powders exhib-
iting increased activity over those obtained with glacial acetic 
acid extraction. 
A further study of hyaluronidase-adrenal relationships 
is described in this thesis. 
lVIA'mRIALS AND METHODS 
GENERAL METHODS 
Since it has been established that a variety of physio-
logic .factors influence the pituitary-adrenal system, it has 
been necessary to establish an assay procedure as :free as possi-
ble of' any .factors that might activate this delicate mechanism. 
In order to insure a high degree of reproducibility, much work 
was necessary to perfect the assay techniques and to minimize 
the variables. The mouse was used as the chief experimental 
animal in the hyaluronidase studies. In addition, many experi-
ments were conducted using normal, adrenalectomized, and hypo-
physectomized rats. 
The assay (to be tully described in the appropriate" 
sections) involved the intradermal spread of India Ink with and 
without exogenously added hyaluronidase under various test con~ 
ditions. The influence of various hormone preparations injected 
intraperitoneally and subcutaneously prior to the assay was 
noted. Quantitative expression of the results was.obtained by 
planimetric measurement of the spreading in the skins o.f the 
experimental animals. Detailed methods are given in :following 
sections. 
lVIATERIALS 
A complete list of hyaluronidases, hormones, and other 
materials used is given in the appendix. The methods of prep-
aration of the placental extracts prepared by the author are 
cited in the appropriate section.. A description of' syringes~ 
needles and other instruments used in these investigations is 
also given in the. appendix. 
ASSAY PROCEDURES 
In order to insure reproducibility, the following 
standardized methods for preparation of solutions w~ used 
throughout the pr_esent experiments. 
STOCK INDIA INK SOLUTIONS 
. The ttstock" solution was composed of one part 
India ink and two parts saline. After preliminary investiga-
tions~ this dilution of India ink proved to be equally satis-
factory in the amount of spreading as 1:1~ 1:3~ 1:4 dilutions 
of the indicator. 
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In order to insure a uniform suspension of 
carbon particles, the solution was shaken thoroughly before the 
assay and prior to each injection. 
The "stockn solution was combined with an equal 
volume of saline for use as a control injection. The test 
solution consisted of one part enzyme and one part "stocku solu-
tion. 
HYALURONIDASE SOLUTIONS 
Enzyme solutions were prepared imme·dia.tely before 
the assay. The hyaluronidase, kept refrigerated between assays, 
was weighed out on a torsion balance. Distilled water was used 
as a diluent. The concentrations of the enzyme used, 0.84% and 
1.66%, were shown in prel~inary studies to provide max~al 
spreading in three hours. 
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The method of preparation of the enzyme-indi-
cator solution proved to be critical. First of all, excessive 
shaking of the enzyme solution was avoided so as to prevent 
any possible denaturation and loss of enzyme activity. Also 
critical in the preparation of the test solution was the mixing 
of aliquots of the enz"YIUe solution with the flstocktr India ink 
solution (both freshly prepared) immediately prior to the assay. 
This test solution was mixed prior to each injection. Such a 
carefully prepared solution led to generally excellent results. 
However, if full strength India ink is added directly to the 
enzyme or to a solution in which all enzyme particles are not 
completely-dissolved, unreproducible and subnormal enzyme spreads 
were obtained. After extensive investigations, it was concluded 
that ~he failure of the enzyme to induce the expected degree of 
spreading was not a result of loss of potency on the part of the 
enzyme, but had to be attributed to the careless preparation of 
the solutions. It is suggested that the addition of undiluted 
India ink has resulted in an adsorption of the enzyme on the 
carbon particles of the indicator. These studies have led to 
the control of many variables present in earlier investigations. 
ASSAY PROCEDURE IN MICE 
The·general assay procedure selected after 
extensive preliminary investigations is as follows. Mice, 10-12 
weeks of age, and weighing 25-30 grams, were divided into contro~ 
and experimental groups. After early studies using groups 
composed entirely of males or females, it was decided to use, 
18 
in later investigations, groups composed of both sexes. At 
varying time intervals prior to assay, test substances (ACTH, 
hormones) were injected intraperitoneally or subcutaneously. 
After the proper time interval, the mice were anesthetized with 
light ether an& shaved on both flanks, with a single-edged 
blade, using soap and water. Fresh hyaluronidase-India ink 
solutions (0.05 cc. inocula) and saline-India ink solutions 
(0.05 cc.) were injected intradermally on the left and right 
flanks respectively. After the assay, the mice were returned 
to properly marked cages until the time of sacrifice. Each 
group of mice was kixled 3 hours after the assay of the last. 
animal in the group. In order to reduce the time factor, ex-
periments were planned with not more than 12 mice to each group. 
The resulting areas of spreading were measured after varying 
time intervals according to test specifications. The animals 
were killed by severing the cervical spinal cord. The mice were 
subsequently skinned and the skins mounted on boards in order to 
dry. Care was taken not to stretch the skins overextensively. 
After 24 hours, the areas of spreading were traced onto sheets 
of clear polyethylene or cellophane. After retracing onto white 
cards, the areas were measured planimetrically. The skins were 
then memounted, or stored away in folders. 
The actual areas of spread were measured with a 
Keuffel and Esser polar planimeter. By the setting of the 
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instrument for me~ric measure, readings were obtained in square 
mdllimeters. A comparison of control-saline, control-enzyme, 
and test spreads have allowed for the expression of results in 
two ways. Methods of calculation are as follows: 
(a) Per cent change: 
Control-enz~e less test 
control X 100 
(b) Per cent inhibition: 
This was calculated as shown in the 
following example: 
Sample data: (area in square millimeters) 
Control 
EnzYJ!!e Saline 
620 240 
Test 
EiiZYii!e 
400 
(l) Actual area of spread gs a result 
of exogenously added hyaluronidase: 
620 - 240 ~ 380 
(2) Actual area of spread as a result 
of exogenously added hyaluronidase· 
under test conditions: 
400 - 240 • l60 
(3) Actual change in areas: 
380 - 160 : 220 
(4) Percent inhibition of exogenously 
added enzyme: 
~~g :X: 100 : 60% 
In any study involving the pituitary-adrenal re-
lationship, the assay must be as free as possible of stress :fac-/ 
tors that might activate the delicate pituitary~adrenal mechanism. 
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Therefore as cited above, mice, 10-12 weeks of age and weighing 
25-30 grams, were selected from the colony. Smaller and younger 
or older mice led to variable results. Also, since investiga-
tions indicated that no significant differences were evident 
using male or female mice, test groups (at least six in each 
group) were comprised o_f both males and females. 
The assay was first attempted without the use 
of anesthesia since it might represent an additional variable 
in the test procedure. This was contraindicated because of the 
stress imposed in shaving and injection of solutions. It was 
then deemed desirable to make use of a.n anesthesia which would 
not cause excessive adrenal stimulation. Ether, sodium pento-
ba.l>bite.l, and amytal, were considered. Ether was selected, 'in 
spite of reports that it activates the pituitary-adrenal axis 
(52), because its administration could be closely regulated. 
The total maximum time that a mouse was under the effects of 
the light ether anesthesia was less than seven minutes. 
ASSAY PROCEDURES IN RATS 
The assay procedures were basically the same 
as those employed in the studies in mice. Certain changes were 
necessary in some of the experiments. Hypophysectomized and 
control rats were dry-shaved (electric razor) and the shaved 
flanks and abdominal areas were washed with soap and water. 
Comparable bilateral areas to be injected were marked with drops 
of India ink. As reported in rabbits, a marked regional differ~ 
ence in degree of spreading of India ink with hyaluronidase was 
/ 
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noted when injections were·made into various areas of the flank 
and abdomen. It has been pointed out that wide individual 
variations in the permeability of the skin of animals are common. 
This has been borne out in both rats and rabbits (46). 
Due to great variability between animals, many 
problems were encountered using different control and experi~ 
mental animals. These findings are contrary to findings with 
the use of inbred mice. In order to provide accurate control 
data, it was deter.miried experimentally that there is a variable 
degree of continued spreading both in saline and in enzyme 
treated areas up to twenty hours. After 24 hours, there is no 
further spreading, Control injections of both enzyme and 
saline solutions were made on one side of the shaved rat. At 
the end of the 24 hour interval, placental ACTH was injected 
intraperitoneally. Following the ACTH injecti·on, a three hour 
interval was allowed for the effects to be produced. Thereupon, 
enzyme and saline solutions were injected into comparable bilat-
eral areas on the opposite side. At the end of a further 24 
hour interval, the rats were killed, and skinning and measuring 
of the areas of spread was carried out as in mice. 
EXPERIMENTAL OBSERVATIONS AND DATA 
STUDIES IN MICE 
MOUSE COLONY 
The establishment and maintenance of an .experi-
mental mouse colony was of great importance to the studies under-
taken and for proposed investigations. A colony of CBA inbred 
mice was reestablished at Harvard Medical School in early 1959. 
Extreme and extensive effort has been made to insure proper care, 
maintenance an.d nutrition of' all·experim.entalanimals. Other 
strains of mice were also housed and maintained. A full dis-
cussion of' the colony and its maintenance is found in the 
appendix. 
EFFECT OF TIME AND CONCENTRATION ON HYALURONIDASE 
~NDUOED SPREADING IN THE CBA MOUSE· 
Much preliminary work was done on enzyme con-
centration studies. Varying time intervals were employed in 
order to ascertain a suitable concentration at a given time. 
It was finally determined that two enzyme concentrations re-
sulted in suitable spreading. The two enz'YD3.e concentrations 
used throughout these investigations were 0.8% and 1.6%. 
Initially the spreads at 1, 3 1 6, and 24 hour time intervals 
were measured. Extensive data has shown that at the ~ne hour 
time interval the maximal degree of' spreading was not evident; 
-but that after three hours no appreciable change in spreading 
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occured. It is interesting to note that at 24 hours, the 
spreads were slightly reduced ~rom those obtained at the three 
hour interval. It is suggested that this phenomenon may be 
attributed to some degree o~ phagocytic activity and general 
circulatory clearing o~ the area. Representative ~indings or 
enzyme studies are summarized in Table 1. 
TABLE 1 
HYALURONIDASE INDUCED SPREADING IN THE CBA MOUSE: 
EFFECT OF TD'IE AND CONCENTRATION 
No. Mice Time Interval Percent Enzyme Areas of 
(Hours) Concentration Spreading-aE-
12 1 o.s 310 
12 1 1.6 330 
9 3 o.s 490 
6 3 1.6 590 
. ' 
12 3 1.6 600 
9 24 o.s 410 
6 24 1.6 510 
6 24 1.6 460 
6 24 1.6 500 
*The areas of spread are measured in square millimeters. Areas 
reported are averages ·o~ groups--each individual area is the 
average or .three planimeter readings. 
The above enzyme studies indicate that both 
concentrations used at the three hour level were suitable ~or 
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the proposed studies. In preliminary work with adrenocort:i.co-
trophic hormones, the 0.8 percent concentration was used because 
it was thought that the use of lower hormone doses might better 
inhibit the ~:ffects of this enzyme concentration. 
STUDIES EMPLOnNG ADRENOCORTICOTROPHIC HORMONES FROM 
THE PITUITARY AND FROM THE PLACENTA 
Over the past several years, a variety of prep~ 
arations have been- studied :for their influence in the inhibition 
of hyaluronidase enhanced spread of India ink (2,46,49,51, and 
unpublished data-Opsahl). It has been a consistent observation 
that either ACTH .:from the pituitary (Armour LA-I-A) or placental 
ACTH, which stimulates the adrenals in both the intact and hypo-. 
physectomized animal, results in a more marked inhibition of 
hyaluronidase than any of the known effective adrenal steroids 
(crotisone, hydrocortisone). This fact strongly suggests that 
physiological stimulation of the adrenals result in the produc-
tion of a physiological mixture of hormones known to be ~f:fec­
tive in inhibiting the spreading phenomenon, or of hormones not 
yet studied that is far more effective than might be obtained 
with any of the individual components or tested mixtures of 
known corticoids. 
In an attempt to further study this phenonemon, 
additional in vivo studies have been carried out, altering 
dosages and time of absorption of various pituitary and placental 
preparations. The pituitary ACTH preparations used have been 
cited in the appendix. In addition to the placental extracts 
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assayed and supplied by Warner-Lambert Research Institute, fresh 
placental ACTH preparations were made. 
PREPARATION OF PLACENTAL ACTH: The general pro-
cedures used were a modification of the Lyon's method as carr~ed 
out by Opsahl and Long (46). 
~. Fresh human placentae were obta~ed within 
ten'minutes of delivery. While still war.m~ the placenta was cut 
into pieces and ground ~ a meat grinder. 
ii. The ground tissue was placed into acid-
acetone (100 cc. of concentrated hydrochloric acid per gallon of 
acetone) for a period of two hours in a cold room at 5 degrees 
centigrade. 
iii. This solution was filtered through four 
layers of cheesecloth. The filtrate which led to the px-ecipi-
tate called Fraction I (43) was discarded. 
iv. The tissue residue was extracted overnight 
in the cold room with 1.2 liters of' distilled water. 
v. This solution was filtered through cheese-
cloth and the tissue residue discarded. The solution was pre-
cipitated with a large excess volume of acetone (6-8 liters). 
vi. After complete precipitation, the super-
natant was siphoned off and the precipitate collected in a 
Buchner funnel and washed several times with acetone. 
vii. The precipitate was completely dissolved 
in water and reprecipitated with acetone • 
. viii. The second precipitate was collected, 
- ·washed, and dried overnight· in a dessicator. 
1x. The dry powders were weighed (Table 2). 
Fraction 
p 1 
P. 2 
p 4: 
p 5 
TABIE 2 
PREPARATION. OF HUMAN PLACENTAL ACTH 
WEIGHTS AND YIELDS 
Placental Weight Extract Yields 
Tissue and Blood 
(Grams) (Grams) 
615 14: 
620 15 
840 19 
730 22 
26 
The yields cited in Table 2 are notably much 
lower than those previously reported (43}. The crude chemical 
techniques employed or other ~actors may have caused the 
reduced yields. 
ACTH STUDIES 
The ~ollowing studies sought to e~.fect 
a maximal inhibition o~ hyaluronidase activity. Various pitui-
tary preparations were tested. Further investigation is required 
'to interpret the ~indings obtained more fully., These prepara-
tions di.f~er ~rom earlier standard pituitary extracts (Armour 
LA-IA) in that they are presumably more highly purified on the 
basis o.f adrenal ascorbic acid depletion standards. The ~ailure 
o.f any o.f the tested preparations to be comparable in hyaluroni-
dase inhibition to the now discontinued Armour LA-IA suggests 
that in pituitary preparations, the puri~ication procedures have 
resulted in ACTH preparations with a lessened degree o~ t~ue 
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adrenal corticoid secretion and resulting hyaluronidase inhibi-
tion. It would appear that there is need for reevaluation of 
the adrenal ascorbic acid depletion assay :for pituitary ACTH 
preparations. Its applicability as a eriterion :for stimulation 
of eorticoid secretion should be questioned. Representative 
resul.ts obtained with pituitary and plaeental preparations are 
shown in Table 3. 
TABLE 3 
INFLUENCE OF VARIOUS ADRENOCORTICOTROPHIC HORMONES ON THE 
DERMAL SPREAD OF INDIA INK WITH HYALURONIDASE IN THE GBA MOUSE 
No. Enzyme AGTH Dose* Time Areas o:f Per- ·percent 
Animals Strength Prepa- Interval Spreading cent Inhibi-
Pereent ration Hours E s T Change tion 
12 o.s Up john 5 3 410 120 265 -35 50 
6 1.6 tt 5 3 470 110 310 •34 45 
9 o.a tt 8 3 500 120 320 -.36 53 
6 0.8 tt 4 3 47§*100 310 -34 43 
6 1.6 It 4 3 87 110 620 -22 33 
6 1.6 USP 20 3 560 160 430 -23 32 
6 1.6 It 16 3 560 160 340 -39 55 
6 1106 lt 10 3 560 160 330 •41 58 
6 1.6 It 10 6 670 130 525 -22 27 
6 1.6 u 10 6 670 130 440 -34 57 
6 o.s P1ac B 10 3 410 90 270 -34 44 
6 o.a ft 10 3 410 120 260 -36 52 
12 0 .. 8 n 10 3 430 110 300 -30 40 
6 o.8 Plac c 10 3 410 120 300 -27 38 
12 o.a u 10 3 440 100 300 ·. -25 32 
6 o.8 Stearns 10 3 410 120 310 -24 34 
6 o.a tl 10 3 440 100 325 -26 34 
*All doses are expressed in milligrams except the doses 
o:f Up john ACTH which are in USP units. 
**Abnormal spread may be due to animal va.riabi1i ty. 
e 
EFFECT OF ELEVATED ENVIRONMENTAL TEMPERATURE AND 
HUMIDITY ON HYALURONIDASE ACTIVITY 
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During the latter stages or the above studies, 
the experimental animals were exposed to elevated temperatures 
due to the lack of suitable temperature control facilities. It 
was not possible, with the facilities available, to keep temper-
ature and humidity at nor.mal levels. At this point in the in-
vestigations, it was decided to reinvestigate previous reports 
(42) that such conditions resulted in a reduced'rate of the 
hyaluronidase enhanced spreading. The following results 
(Table 4) 1 obtained during periods ot elevated temperature and 
humidity (84-90°F., 75 plus percent humidity) confir.m these re-
ports. The inadvisability of carrying on animal experimentation 
during the summer months, without adequate temperature controlled 
conditions is noted by the author. 
TABLE 4 
HYALURONIDASE ACTIVITY IN TEE CBA MOUSE UNDER CONDITIONS 
OF ELEVATED ENVIRONMENTAL TEMPERATURE AND HUMIDITY FACTORS 
No. Enzyme Time Areas o:f S;Ereading (SQ. MlVI.) 
Mice Strength Hours Enzyme saline Test 
6 1.6 3 250 100 
-
6 1.6 3 340 60 310 
9 1.6 3 270 80 280 
9 1.6 6 360 80 360 
12 1.6 6 340 120 320 
These spreads as shown in Table 4, with the 
enzyme concentration used and with the time intervals cited, 
exhibit a great reduction from those reported in Table 1. It 
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is also highly significant to evaluate the results obtained 
with hormone test substances. The data cited was that obtained 
from experiments using lipo-adrenal extract. Not only were con-
trol spreads subnormal, but also no inhibition was evident in 
the test animals. 
DISCUSSION 
The studies on the effect of time and concen-
tration on hyaluronidase induced spreading indicated that maxi-
mal spreading with the concentrations used, essentially was 
obtained within three hours. This type of a study poses many 
questions with respect to inhibitory studiese Additional quan-
titative information is required on the relationships of enzyme 
concentration versus hormone dose versus time. Investigations 
are also needed in the area of enzyme kinetics. It is proposed 
that studies in the live animal would clarify many questions 
concerning the rate of spreading. With the animals and techniques 
herein used, rate studies are indirect and n~cessitate the use of 
more than one animal. Use of the hamster cheek pouch as the site 
of spreading might well provide a direct method of determining 
the rate of hyaluronidase-enhanced spreading. 
In the present investigation of various pitui-
tary and placental ACTH preparations, the failure to arrive at 
a pituitary ACTH preparation which could be employed as a satis-
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factory standard for maximal hyaluronidase inhibition, has 
hampered and deferred the culmination of originally proposed 
steroid studies. Investigations are now in progress to deter.m• 
ine dosages of the test ACTH preparations which will cause sat-
isfactory inhibition of hyaluronidase spread. In spite of con-
sistent enzyme-enhanced spreading in control animals, it is re-
motely possible that failure of the ACTH preparations to inhibit 
--
maximally, is due at least in part, to the effect of environ-
mental temperature and humidity, Further studies using in ... 
creasing dosages of various ACTH preparations would go far toward 
a clearer understanding of the results herein reported (Table 3). 
It has been suggested that conditions involving 
increased environmental temperature exert effects which result 
in an elevation of adrenocortical secretion resulting in a de-
crease in per.meability of connective tissue (23). Under such 
conditions, it seems impossible to effect any further st~ula­
tion of the adrenals by means of exogenous preparations. It has 
been shown that following in vitro exposure of adrenals to a 
maximally effective dose of ACTH, additional ACTH does not sig-
nificantly increase corticosteroid output further (34). 
Many ~portant avenues of investigation have 
come to light during the course of these studies. Proposed 
areas of study have been previously referred to. In addition 
to those mentioned, in vivo studies are now in progress testing 
---...~ 
the various pituitary and placental ACTH preparations. Once 
these problems have been solved, it will be possible to under-
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take the proposed studies on which steroids recently made 
available or not yet f'ully studies are important in the adrenal-
hyaluronidase relationship. These investigations will include 
studies in mice testing the ef'f'ects of' corticosterone, aldoster-
one, and 9-alpha-f'luorohydrocortisone. These studies will 
·broaden the basic understandings of' the mechanism of' action 
and the role of' the adrenal a in hyaluronidase inhibition. 
STUDIES IN RATS 
During the course of' the above cited studies, it was 
considered advisable to extend the investigations to a larger 
an~al--the rat--in order to investigate several important 
variables in interrelated areas of' study. The rat was especi-
ally desirable because in hyaluronidase studies it could be 
used as its own control since mutiple injections can be made in 
the srume f'lank. During the past two years, large groups of' 
normal, hypophysectomized, and adrenalectomized rats have been 
raised and maintained in order to :further study and reevaluate 
the interrelationships of' the pituitary, adrenals, and other 
endocrine glands and their influence on body metabolism and 
body function. 
The colony of' rats was observed and followed along 
several lines of' investigation: i. reevaluation and further 
studies concerning hypophysectomized rats and the hyaluronidase 
enhanced spreading phenomenon. These studies involved the use 
of' various pituitary and placental preparations in causing 
stimulation of' the adrenals of' these hypophysectomized animals. 
ii. observation and evaluation of' the ef'f'ects of' long ter.m 
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hypophysectomy and body weight with respect to body growth. 
RAT COLONY 
The colony of rats which has been maintained 
:for the past two years, consisted o:f several groups o:f' Sprague-
Dawley rats. Rats o:f' both sexes were obtained at a young age 
(150-200 grams). The sexes were at first kept in separate 
cages. A group of' normal rats was set up for further study of 
pituitary and placental ACTH relationships. Another group was 
adrenalectomized; another hypophysectomized by the parap~geal 
approach, by Mr. Wol:fgang Toep:f':f'el of' the Harvard Dental School. 
It is noteworthy that these hypophysectomized 
and adrenalectomized rats both remained in excellent conditions 
·despite adverse conditions o:r elevated temperature and humidity. 
The adrenalectomized rats continued to gain weight and the 
hypophysectomized animals, although growth was negligible 
throughout their post-operative year, were generally very re-
sistant to infection. 
No substitution therapy has been administered 
in these selected experimental groups except that adrenalectomized 
rats were maintained on a one percent saline solution, and the 
hypophysectomized rats on a five percent glucose solution. Con-
trol groups were similarly maintained. The basic diet :for all · 
rats was standard Purina ground lab ora tory chow. 
The rat cages o:r wire floors, were large enough 
to hold six rats. Pull-out dropping pans allowed for relatively 
simple cleaning o:f' the cages. The entire cage was regularly 
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sterilized. Much care has been taken to minimize the possi-
bilities o£ infection. The experimental animals, after a ten 
percent post-operative mortality rate in the first two weeks 
following surgery, have eXhibited an unusual resistance to in-
faction and further deaths in these groups have been negligi-
ble. The rata seemed to tolerate well the elevated summer 
temperatures. 
EFFECT OF TIME ON HYALURONIDASE SPREADING 
Because o£ known spreading variability in mice, 
rata, and rabbits, studies were carried out to determine which 
time interval would be best suited £or the hyaluronidase 
studies in the rat. Table 5 lists some o£ this preliminary 
data. 
TABLE 5 
EFFECT OF TIME ON HYALURONIDASE ENHANCED SPREADING 
OF INDIA INK IN THE SPRAGUE-DAWLEY RAT 
Time Interval Enzyme Percent Areas o£ S:ereading ( Sg,. :mm) 
Hours Concentration Enzyme Saline 
3 1.6 420 120 
12 1.6 445 130 
24 1.6 465 150 
36 1.6 465 150 
These above findings showed that there is a var-
iable degree of con~inued spreading up to 24 hours. After 24 
hours, there is no significant change in degree of spreading. 
Thereupon, studies were carried out using one rat ~or both 
control and test. 
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FURTHER STUDIES ON ADRENAL-HYALURONIDASE RELATIONSHIPS 
IN HYPOPHYSECTOMIZED RATS 
Earlier long ter.m studies on the interrelation-
ships between the various hormones o~ the adrenal cortex, the 
pituitary, placenta, and other endocrine organs have led to 
~indings that human chorionic gonadotrophin preparations (heat-· 
inactivated by boiling) produced, in hypophysectomized animals, 
an inhibitory e~~ect on exogenously added hyaluronidases. These 
studies have led to eXhaustive studies by Opsahl, o~ the human 
placenta and to exper1mental establishment o~ the ~act that 
placental ACTH caused a marked physiological stimulation o.f the 
adrenals in hypophysectomized animals. This e~~ect was inde-
pendent o.f the pituitary, gonads; and "permissiven action 
e.f~ects o~ other organs. 
Investigations have shown the remarkable ~act 
that a marked physmological stimulation o~ the adrenals, in 
6-8 month hypophysectomized animals, could be produced by the 
systemic administration o~ placental AGTH. Table 6 gives some 
representative results using the systemic administration o~ 
placental ACTH to stimulate adrenal secretion to inhibit 
hyaluronidase activity. 
These ~ragmentary results correlate .findings o~ 
Opsahl-unpublished data that placental ACTH results in a marked 
stimulation o~ the adrenals in the hypophysectomized rat. It is 
• 
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unfortunate that these results could not have been extended as 
planned, since the active placental extract was part of a "lot" 
of preparations destroyed in a laboratory fire. It is intended 
to reproduce these results once complete testing of the pres-
ently available preparations is completed. 
TABLE 6 
INHIBITION OF DERMAL SPREAD IN.THE HYPOPHYSECTOMIZED SPRAGUE 
DAWLEY RAT OF INDIA INK WITH HYALURONIDASE FOLLOWING 
SYSTEMIC ADMINISTRATION OF PLACENTAL ACTH 
Enzyme Percent Dose in 
Concentration · Milligrams 
0.8 
0.8 
1.6 
10 
10 
10 
Areas of Spreading (Sq. mm) Per Cent 
Control . Test Change 
402 
356 
470 
190 
118 
84 
-50 
-47 
-82 
OBSERVATIONS ON LIVING HYPOPHYSECTOMIZED 
AND ADRENALECTOMIZED RATS 
Studies were carried out on female Sprague-
Dawley rats which were hypophysectomized at 12 weeks of age 
(average body weight was 250 grams at tilne of operation). Con--
trol groups were maintained for these rats. In order to confir.m 
these findiogs, a second series of· rats was hypophysectomized 
in July, 1959. These, as were the previous series, were main-
tained on grouod laboratory chow and a five percent glucose 
solution. No substitutiol'l therapy was administered. As in the 
previous series, mortality was low. As may be seen in Graph II, 
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the lack of growth and increase in body weight is independent 
o:f' sex in the hypophysectomized animal. These animals were 
hypophysectomized at 240-2~0 grams. While the lack of growth 
1n the hypophysectomized rat is evident, the general appearance 
ot well-being is striking. In general, the retention of ex-
ternal adolescent characteristics was evident. 
Also, a group o:f' males was adrenalectomized in 
June 1959, and have been maintained on a similar regimen except· 
that one percent saline was substituted tor the five percent 
glucose. Paradoxically, these rats continued to gain weight in 
spite of a decreased resistance to stress. Graph I exhibits 
the amazing growth curve of these animals. 
Continuing studies on series of hypophysectomized 
and adrenalectomized rats, now 12 months post-operative, will 
provide a better understanding of the long-range consequences o:f' 
hypophysectomy and adrenalectomy in the exper~ental rat. 
\ 
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DISCUSSION 
The ultimate goals underlying the studies described 
in part in this dissertation, were to become familiar with: 
(i) fundamental principles o:f biological investigation from the 
standpoint o:f animal experimentation; the breeding, development, 
and maintenance of animal colonies of various strains of mice 
and rats; familiarity and facility with metabolic and endocrine 
experimental investigations involving animal physiology, sur-
gery, and autopsy; (ii) the development of experimental labor-
atory techniques· ensuring· a satisfactory and reproducible 
method for the deter.mination and evaluation of hyaluronidase 
activity; {iii) the attainment of a working knowledge of the 
basic concepts underlying endocrine physiology in the experi-
ment~l mouse and rat, and a broad study of certain of these 
endocrine and metabolic interrelationships as summarized earl-
ier in this thesis. As was noted, the present studies enter 
upon a field which has not been measurably explored and which 
still requires a great deal of correlated investigations.before 
any degree of clear understanding in endocrine-connective tissue 
interrelationships can be claimed. Vihile interpretation of many 
of the studies summarized must of necessity be limited at this 
time, nevertheless it is hoped and anticipated that they may 
provide additional information to clarify understanding and to 
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~orm the ~oundation for further studies in these fields. 
As noted, during the progress of establishing and 
maintaining the cited animal colonies, and of developing 
reproducible significant labor~tory techniques, many problems 
of a basic nature became apparent. It was decided to devote a 
major portion of available ~ime to their solution and evalua-
tion. Consequently, these important, though initially seem-
ingly incidental problems for.m the bulk of the work reported. 
Although initially proposed studies are, in themselves more 
limited in scope, nevertheless a far broader understanding of 
biological research and endocrine physiology has been gained 
for the future through the investigation of these interrelated 
problems. 
Experimental results have been discussed in each ap-
propriate section and will not be duplicated here. However, 
it is significant to note that the establishment and mainten-
ance of experimental animal colonies are of fundamental inves-
tigative importance. Temperature and humidity changes have 
been found to cause great variations in experimental results, 
especially during the summer months when the lack of proper 
air-conditioning have greatly limited the valid interpretation 
of adrenal-hyaluronidase relationships. These observations 
and results are similar to those previously reported wherein 
elevated environmental temperatures have had marked influence 
on the physiological effects caused by the spreading factors 
(42). The nutrition of the animals, the variations in breeding 
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and stock raising conditions have not only been reflected in the 
general health and well-being of the an~als, but also in over-
all experimental results. This has been especially evident in 
what appear to be noteworthy findings in ancillary long-term 
hypophysectomized' and adrenalectomized rat investigations by 
others. These studies have now been confirmed in numerous 
series of additional rats and are being extended to include 
:metabolic and detailed pathologic studies. 
The interpretation of endocrine activity by means of the 
hyaluronidase assays (versus other currently used methods) must 
of necessity, at this time, be left open to question since it 
has become evident in the course of these preliminary investiga-
tions, that biological variability is an all important factor to 
be considered. Also, in that the pres-ent standardization of 
adrenal steroids and adrenocorticotrophic hormones utilize dif-
ferent methods of assay and various indices o:f' pituitary and 
adrenal activity, it has been difficult to evaluate the results 
obtained from different preparations. There is need for more 
and clearer results before the evaluation of the meanings o:f 
these other assays can· be :made. 
The techniqu~ ~f measurin~ the inhibition of exogenously-
added hyaluronidase has been developed to a point where it can 
be applied on a semiquantitative basis as an index of adrenal 
activity. Therefore, it has been used as a reliable method for 
assessing ACTH and adrenal steroid activity in these studies 
and in previously cited series of investigations. When inhibi-
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tion of hyaluronidase-enhanced spreading in the hypophysectomized 
rat or mouse is used as a criterion of ACTH activity, crude 
placental ACTH preparations possess activity of roughly the same 
order as does pituitary ACTH (Armour LA-lA) or placental ACTH 
prepared by acetic acid extraction (Opsah2-in press). However, 
using the mobilization of adrenal ascorbic acid, or eosinopenic 
response as an index of ACTH activity, a wide ~ariation is 
observed depending on dosages administered, , experimental ani-
mals employed, and routes and time intervals of administration 
of tested preparations (47, Opsahl-in press). It is interesting 
that small doses of various placental fractions will produce 
marked hyaluronidase inhibition in hypophysectomized rats, 
while at the s~e time, larger doses will show little effect on 
adrenal ascorbic acid depletion in the same animals (unpublished 
data--Opsahl). Furthermore, it may be noted that oxycellulose-
purified pituitary ACTH preparations appear to show a marked 
loss of hyaluronidase-inhibiting activity~ A similar effect has 
been noted, to a lesser degree, with pituitary preparations ex-
tracted by the glacial acetic acid method. It is suggested that 
the purification procedures may remove from the ACTH preparations 
that factor or group of factors responsible for adrenal release 
of these corticoids that inhibit hyaluronidase activity. It may 
well be that such ACTH preparations do not cause maximal corti-
coid secretion by the adrenals. 
These observations are in direct contrast to studies on 
adrenal ascorbic acid mobilization wherein ACTH activity is 
usually enhanced following purification procedures. Since it 
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was not possible to evaluate the discrepancies noted between 
adrenal ascorbic acid mobilization and hyaluronidase-inhibitory 
activity of placental ACTH preparations, studies have been 
carried out on the urin~y corticoid and 17-ketosteroid excretion 
following the administration of crude placental ACTH in guinea 
pigs, in order to gain further criteria of ACTH activity and to 
establish further means of assay procedures (6, and unpublished 
data) .. 
In the above summarized investigations, crude placental. 
AOTH and partially purified .fractions thereof have been investi-
gated thoroughly. The results have shown conclusively that the 
subcutaneous or intraperitoneal administration of crude pla-
cental ACTH provokes a definite marked increased urinary excre-
tion of corticoids and 17-ketosteroids; this is entirely com-
. parable to results produced by the administration of pituitary 
ACTH, and has provided further con.t'irmation of earlier work 
concerning the production of ACTH by the human placenta. Re-
sults of these investigations suggest that the measurement of 
urinary steroid excretion is a reliable method for the evalua-
tion of placental AOTH and provides ·another method, in addition 
to the hyaluronidase-inhibitory studies, by means of which pur-
ification procedures may be evaluated in the identification of 
the active fraction of placental tissues. 
Inasmuch as it would appear that altered hyaluronic 
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acid metabolism is directly implicated in the pathology of 
collagen disease processes, it would follow that such agents 
intimately involved in the maintenance of normal hyaluronic 
acid metabolism would be of fundamental investigative import-
ance. Therefore, a variety of preparations have been investi-
gated for their influence in inhibiting the hyaluronidase-
enhanced spreading phenomenon (4~47 Opsahl-unpublished data). 
Aside from the interpretative problems raised by animal exper-
imentation during periods of elevated temperature and humidity, 
it has been the consistent observation t~at ACTH (placental and 
pituitary) bring about a more marked inhibition of hyaluroni-
dase than is produced by systemic administration of comparable 
doses of the effective adrenal steroid hormones thus far 
studied. Cortisone and hydrocortisone have been equally effec-
tive and have produced their maximal hyaluronidase inhibitory 
effects over even long time intervals. However, no combination 
of thus far administered adrenal steroids has been found to 
produce results comparable to the maximal inhibitory response 
elicited by placental and pituitary ACT.H •. Investigations have 
indicated that the activity of the C-11 oxygenated adrenal 
' 
steroids are concerned with a direct inhibition of the enzyme 
hyaluronidase, thus producing, alterations in the permeability 
of the ground substance of connective tissue (44,47). Further 
experimental establishment of the actual role of the c-11 
oxysteroids is of considerable importance. 
The fact that the crude placental ACTH preparations are 
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of equal activity to various pituitary ACTH preparations in the 
inhibition of the hyaluronidase-enhanced spreading phenomenon 
clearly points out the necessity of further studies as to the 
physiology and mode of action of both placental and pituitary 
ACTH. It is hoped that measurements of the various pituitary 
and placental ACTH preparations with reference to the biologi-
cal assay of pituitary and adrenal function in normal experi-
mental animals, and of adrenal function in long-term hypophysec-
tomized rats, may provide a further understanding of their fund-
amental similarity in mode of physiological action and biologi-
cal assays. 
APPENDIX 
MATERIALS - ENZYME, HORMONE, AND OTHER PREPARATIONS 
Hyaluronidase a 
The hyaluronidase preparations used throughout 
these investigations were standardized re~erence preparations, 
nos. 1492-259A and W3999. They were supplied by the Wyeth 
Company through the courtesy of Dr. Harvel' E. Alburn and 
associates. 
The metho.d used to prepare crude hyaluronidase 
preparations was essentially that described by Hahn (21). Fresh 
beet testes were ground and mixed with 0.1 M acetic acid. The 
solids were centri~uged off and ammonium sulfate was added to 
30% of saturation. The resulting precipitate was centrifuged 
o~f and the hyaluronidase was precipitated by bringing the 
supernatant to 70~ of saturation with ammonium sul~ate. The 
precipitate was dissolved in water, dialyzed free o~ sul~ate, 
andlyophilized. Further purification with copper sulphate, 
sodium chloride, and acetic acid followed by precipitation 
under controlled conditions with lead acetate was carried out 
according to the Hahn method. 
In accordance with standardization and stabil-
ity measurements and data supplied by Wyeth, preparation no. 
l492-259A contained 200 USP units per milligram; preparation 
no. W399 contained 1380 USP units per mdlligram. 
Early studies with these preparations showed 
that l492-259A was the cruder of the two powders and consist-
ently yielded a greater degree of spreading. Therefore.t 
throughout most of the later studies this hyaluronidase· (no. 
l492-259A) was used. 
Adrenal and Adrenocorticotrophic Preparations 
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Upjohn's Lipo•Adrenal Cortex. -~ This prepara-
tion was ~ade from the adrenal glands of hogs. The extract is 
dispensed in a cottonseed oil suspension. This fact necessi-
tated the use of pure cottonseed oil as a control injection in 
the experiments·using this preparation. The biological activ-
ity of this extract .t as determined by the gloycogen deposition 
test, is equivalent to one milligram of 17-hydroxycorticosterone 
per cc. 
Upjohn's Corticotrophin. Tbis ACTH was used 
in vials containing a total of 25 and 40 USP units. The powder 
was dissolved in saline prior to injection. 
U.S.P. Corticotrophin Reference Standard. 
This preparation contained 0.005 USP corticotrophin units per 
milligram. The tablets were dissolved in saline prior to in-
jection. 
Parke Davis ACTH. -- This preparation contained 
a total of 25 USP units per vial. It was injected in a saline 
solution. Its use was limited to early studies. 
Placental Extracts. -- Several placental 
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adrenocorticotrophic extracts were tested. All had been pre~ 
pared according to the modification of the Lyon t s procedure 
employed by Opsahl and Long (48). Two of the extracts were 
supplied by the Warner-Lambert Laboratories. These were 
labelled #1314765 and #13144760. Other preparations were pre-
pared by the author and will be referred to as Fl, P2, P3a, P3b, 
P4, and P5. Procedures :for their preparation have been de ... 
scribed in the text. 
OTHER MATERIALS 
Indicators 
The indicator employed throughout these studies 
was Higgins American India Ink (waterproof black} #4415. Other 
indicators tested were T-1824 and Evans Blue. India ink was 
found to be superior to these and excellent spreading was obtained. 
Anesthesia 
Equibb's Ether was selected as the most satis-
factory anesthesia for the assay. 
Diluents and Control Solutions 
Sterile saline .and distilled water were used as 
diluents for various hormone and enzyme preparations. Pure cot~ 
tonseed oil was used as a control injection for lipoadrenal 
extract. 
Instruments 
The syringes used in the assay were Becton• 
Dickinson l/4 cc tuberculin syringes with double scale 1/4 mintms 
and l/100 calibrations. The most satisfactory needle for intra-
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dermal injections was the B-D 27 guage 3/4 inch hypodermic 
needle. This needle was selected after extensive studies with 
other guage and length needles. The guage selected permitted 
full delivery of the inoculum and the length was preferred to 
the 1/2 inch and one inch needles. In rat studies$ the 1/2 
cc syringe and the 25 guage needle was most effective fo~ 
assay procedures. 
For subcutaneous and intraperitoneal injec-
tions 5 cc and one co syringes with 21 guage one inch needles 
were used. All syringes were marked and were used throughout 
the studies for one specific type of injection. 
MOUSE COLONY 
The establisbl:nent and maintenance of an experimental 
mouse colony was of great importance to the studies cited in 
this thesis. In addition to the colony of CBA inbred mice, 
which has been maintained since early 1959~ a. stock of white 
Swiss mice and C57 black mice has been maintained. Numerous 
preliminary studies were carried out using these mice. Early 
work led to a cessation of the use of C57 mice as experimental 
animals in the hyaluronidase assay. Because of excessive dark 
pigmentation in the skin of these animals~ it was difficult to 
measure the areas of spreading. These mice were undesirable 
for the present studies which involved the use of a black 
indicator. 
The white Swiss mice were maintained and bred. They 
were desirable as experimental animals but over long periods were 
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more susceptible to infections than the CBA strain. 
The CBA mouse was preferred as a test animal because of 
its longevity and general high degree of resistance to infec-
tion. The strain was originated by Strong and has a very low 
susceptibility to spontaneous tumors of mammary origin (55, 56). 
Its desirability as an experimental animal is largely due to the 
advantages of using a genetically homogeneous group of animals 
for experimental work. In an inbred strain, biological varia-
bility is minimal. This fact is highly essential for constant 
and reproducible results. 
Establishment of Oolony-facilities 
The CBA colony was begun with an original 
breeding stock of sixty animals. All were ~ediately put into 
breeding. A ratio of one male to two females was found to be 
ideal for a high reproductive rate. The maximum number of 
animals housed per cage was six. Attempts to house larger num-
bers of adult mice led to overcrowding and a reduce rate of 
reproduction. The cages were white enamel pans with a wire top. 
Free access to food and water was provided.. A combination of 
woodshavings and sawdust was used to line the cages. This was 
especially desirable for breeders as females could anddd build 
nests for litters in the shavings. The sawdust and shavings were 
changed biweekly and the cages were sterilized regularly. 
In preparation for later studies, the mice were 
handled regularly. Reports have suggested that this procedure 
leads to superior experfmental data (3}. 
Nutrition and Health 
All the food and water was kept fresh. The 
basic diet of the mice consisted of laboratory chow. The diet 
was supplemented with weekly servings of sunflower seed and 
mixed grain. Occasionally, small amounts of meat and lettuce 
were given as diet supplements. 
General health and appearance of the an~als 
has been exceptional. · Periodic dusting with a derris root-
talcum mixture kept external parasites and insects from infest~ 
ing the skin of the mice. Sickly animals were quarantined immed-
iately and killed if a return to good health was not'immediate. 
Those mice with tumors were destroyed. 
·Breeding 
Breeding·in the early stages of the colony was 
lim.ited. This can be attributed to problems of adjustmen.t and 
to high environmental temperatures in the late spring and early 
summer. Once the temperatures were controlled, breeding was 
prolific. At first, many of the litters were killed soon. after 
birth. Personal observation of the animals led to the conclu-
sion that removal of.the males .from cages with pregnant females 
or from cages with litters would result in a higher survival 
rate. Presence of the males so disturbed the females that the 
young were killed. 
The sexually mature .female mouse comes to heat 
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every three to four days. These were mated with healthy vigor-
ous males ot about the s8.llle age. Gestat.ion per.iods ran about 
twenty-one days. The litters varied in number .from two to eight 
young. Young Breeders typically del.ivered larger litters. A 
gradual decrease in the number and size of litters was evident 
with .increasing age of the mice. The young were weaned at 
twenty-eight days at which time they were separated into cages 
according to sex. At this time, the mice weigh 12-15 grams. 
They are put on a diet designed to add weight a.s rapidly as pos-
sible. At ten weeks, their average weight is in the 25-ZO gram 
range. At this age and weight, a group of these mice replace 
old nonproductive breeders. The remaining mice were used in 
experimental studies. 
It has been reported that mice normally breed 
year round until the age of' one. In the above colony, this was 
not the case. Young breeders were prolif'ic and often produced 
two to three successive litters. However, of'ten breeding 
stopped tor a period of' months. Then, reproduction resumed at 
a lower rate. 
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